The purpose of this study was to evaluate whether a 12-wk functional circuittraining program (FCT) could alter markers of physical frailty in a group of frail community-dwelling adults. Fifty-one individuals (31 women, 20 men), mean age (± SD) 84 (± 2.9) yr, met frailty criteria and were randomly assigned into groups (FCT = 26, control group [CG] = 25). FCT underwent a 12-wk exercise program. CG met once a week for health education meetings. Measures of physical frailty, function, strength, balance, and gait speed were assessed at Weeks 0, 12, and 36. Physical-frailty measures in FCT showed significant (p < .05) improvements relative to those in CG (Barthel Index at Weeks 0 and 36: 73.41 (± 2.35) and 77.0 (± 2.38) for the FCT and 70.79 (± 2.53) and 66.73 (± 2.73) for the CG. These data indicate that an FCT program is effective in improving measures of function and reducing physical frailty among frail older adults.
The concept of frailty has long been associated with advancing age but only recently has been specifically defined as a medical syndrome (Bergman et al., 2007; Ferrucci et al., 2004; Fried, Ferrucci, Darer, Williamson, & Anderson, 2004; Fried et al., 2001 ). Buchner and Wagner (1992) regarded physical frailty as a precursor state to disability and dependence on others for daily activities. It has also been defined according to the results of two tests of physical abilities that are strongly associated with the development and progression of disability: the rapid-gait test and the stand-up test (Gill et al., 2002) .
Physical performance is considered fundamental to the identification of frail individuals, and most definitions of frailty in older people also include objective or self-report measures of functional status (Bergman et al., 2007) . Medically, frailty has been defined as a clinical syndrome in which three or more of the following criteria are present: unintentional weight loss (10 lb in past year), self-reported exhaustion, weakness, slow walking speed, and low levels of physical activity (Fried et al., 2001) . Furthermore, Rockwood et al. (2005) added in their criterion for clinical measures of frailty, having difficulties in activities of daily living (ADL).
Frailty health outcomes contribute to an increased demand for medical and social care and are associated with increased economic costs (Ortega Tallón, Roca, Iglesias, & Jurado, 2004) , and frail individuals are thought to present the most complex and challenging problems to health care professionals (Gill et al., 2002) . As demographic trends indicate a rise in the older population, this health care burden will increase (Bergman et al., 2007; Gill, Gahbauer, Allore, & Han, 2006) . Therefore, interventions designed to prevent the functional decline in frail older adults have the potential not only to generate health care savings (Guralnik, Alecxih, Branch, & Wiener, 2002) but also to minimize the severity of multiple chronic diseases, promote the maintenance of function, and prevent further frailty and loss of independence , Gill et al., 2002 .
The efficacy of exercise training to improve physical function in the frail elderly has been supported by randomized controlled trials presented in a number of reviews in recent years (Beswick et al., 2008; Chin A Paw, van Uffelen, Riphagen, & van Mechelen, 2008) . However, the enhanced internal validity achieved in these studies is often gained at the expense of external validity, as the study conditions tend to be far removed from routine practice in primary-care settings. Interventions in many health fields (Binder et al., 2002; Eakin, Brown, Marshall, Mummery, & Larsen, 2004 ) that have been found to be successful in research centers might be impractical to implement in applied settings with limited time, few resources, and many competing demands.
Moreover, studies of the effects of exercise training on frailty have been limited mainly to patients in residential care facilities (Fiatarone et al., 1994; Faber, Bosscher, Chin A Paw, & van Wieringen, 2006; Littbrand, Lundin-Olsson, Gustafson, & Rosendahl, 2009; Rydwik, Frandin, & Akner, 2004) and younger individuals (Nelson et al., 2004) or have assessed intermediate outcome measures such as strength, balance, and gait (Beswick et al., 2008; Faber et al., 2006; Landi et al., 2007; Skelton, Young, Greig, & Malbut, 1995) . There was limited success from these training studies, and very few focused on reducing physical-frailty components as the main outcome measure.
Previous studies have indicated the importance of the exercise being task specific if functional ability is to be improved (Bean et al., 2004; de Vreede, Samson, van Meeteren, Duursma, & Verhaar, 2005; Manini et al., 2007; Skelton & McLaughlin, 1996) . Older people with severe physical impairment generally have a great need for assistance in ADL (Rosendahl et al., 2006) , so the need to focus on ADL as a fundamental outcome measure is also important as an index of independent living. As a result, knowledge of how functional exercise conducted in primary-care facilities affects markers of frailty and ADL in frail communitydwelling elderly population is limited.
In addition to the outcome measures and the exercise type, intervention sustainability in terms of follow-up data offers crucial information about long-term benefits. However, most intervention studies that have been conducted in frail community-dwelling elderly individuals have shown a lack of posttraining followup data (Binder et al., 2002; Chin A Paw et al., 2008; Hruda, Hicks, & McCartney, 2003; Shimada, Obuchi, Furuna, & Suzuki, 2004) . Hence, there is a lack of evidence to support the view that functionally based exercise programs are an effective and sustainable method for altering markers of frailty, improving ADL, and preventing or postponing functional decline in community-dwelling frail elderly individuals.
Consequently, we conducted a randomized clinical trial that consisted of a 12-week functional circuit-training program based on a combination of functional balance-and strength-based exercises in a high-risk group of physically frail, elderly persons who lived at home. Six months after the end of the training program, follow-up testing was conducted to assess the sustainability of any training-induced changes. Consequently, the primary aim of the study was to determine the effect of a 12-week structured intervention program on reducing physical-frailty measures in a group of community-dwelling physically frail elderly individuals. The secondary aim of the study was to evaluate whether these improvements were sustained 6 months after the end of the training program.
Methods

Participants
Participants were recruited from one randomly selected primary health care center in the Barcelona area. Individuals 80-90 years of age were eligible to participate in the study. The total number of 80-to 90-year-old individuals registered in the primary health care center was ~3,547, and during January to March 2009 (recruitment period), ~2,029 eighty-to ninety-year-old individuals attended the center.
Individuals were ineligible for the study if they were unable to walk, were undergoing an exercise program, had a diagnosis of severe dementia (not able to understand or follow verbal commands), or had had a stroke, hip fracture, myocardial infarction or hip-or knee-replacement surgery within the previous 6 months (n = 586).
During usual visits to their health care center, the ~2,029 individuals selfreported their ability to rise from a chair or climb a flight of stairs (Manini et al., 2007) . Those reporting "some" or "a lot" of difficulty in either task were invited to participate (n = 1,177). Those who were willing to participate and presented no exclusion criteria were invited for physical-frailty screening testing (n = 84). A total of 1,093 individuals were excluded because they declined participation in the study (n = 217), presented at least one exclusion criterion (n = 586), or reported not being able to complete the study because of lack of time or travel plans (n = 290).
Physical frailty was defined according to the results of two tests of physical abilities (Gill et al., 2002; Tinetti, Speechley, & Ginter, 1988) and according to two questions on the Center for Epidemiological Studies Depression Scale (Fried et al., 2001) . Individuals were considered physically frail and invited to participate in the study if they required more than 10 s to perform a rapid-gait test (i.e., to walk along a 3-m course and back at a quick comfortable pace), if they could not stand up five times from a seated position in a hardback chair with their arms folded (Gill et al., 2002) , or if they were categorized as frail by the exhaustion criterion (Fried et al., 2001 ). Participants were asked to self-report exhaustion using the following two statements from the depression scale: "I felt that everything I did was an effort" and "I could not get going." The question was asked as "How often in the last week did you feel this way?" and their answers graded as 0 = rarely or never (<1 day), 1 = some or a little of the time (1-2 days), 2 = a moderate amount of time (3-4 days), or 3 = most of the time. Participants graded 2 or 3 were categorized as frail by the exhaustion criterion (Fried et al., 2001) .
Of the individuals invited for screening testing (n = 84), based on the definition of physical frailty, 51 (31 women, 20 men) were considered frail and tested at baseline (Week 0). Afterward they were randomly assigned into two groups (an intervention group, FCT = 26, and a control group = 25) with the use of a computer-generated algorithm. Thirty-three individuals did not meet the physicalfrailty selection criteria and, therefore, did not participate in the study (see Figure  1 for more detail).
The study personnel who maintained the randomization log were not involved in screening, testing, or training procedures. After 12 weeks of training, participants of both the FCT and the control group reported for the end-of-intervention testing session (Week 12). Six months after the end of the program (Week 36), participants were invited to a follow-up testing session. Written informed consent was obtained from all participants, and a local university ethics committee gave approval for the study. Figure 1 shows the flow of participants through the study following the Consolidated Standard of Reporting Trials (ConSORT) flow diagram (Moher, Schulz, & Altman, 2001 ).
Measurements
Week 0 (baseline), Week 12 (end of the training program), and Week 36 (follow-up) assessments were completed by the same three investigators, two of whom were blinded and not involved in training the participants. For safety reasons, an assistant who had no role in the intervention and was unaware of the study hypothesis and of the participants' group assignments was always present during testing and during both interventions. In addition to data on physical frailty, ADL measures and measures of balance, gait, physical function, and strength were assessed. Timed performance was assessed using a 10-lap memory stopwatch (1/100-s accuracy) for field testing. ADL. The 10-item version of the Barthel Index (BI) using a five-level scoring scale adapted by Shah, Vanclay, and Cooper (1989) was used to collect information about the need for assistance for basic ADL and to establish a degree of independence. The total BI score when summed ranges from 0 (total dependence) to 100 (complete independence); a score of 21-60 is considered severe dependence, and a score of 61-90 moderate dependence (Shah et al., 1989) . Shah et al.'s adaptation was aimed at increasing the BI's sensitivity to change in research studies.
Semitandem and Tandem Stands and Single-Leg Balance. Two trials of each test were performed, and the best trial was used for data analysis. Test of standing balance included tandem stance (heel of one foot directly in front of the other foot) and semitandem stance (heel of one foot beside the big toe of the other foot; Guralnik, Ferrucci, Simonsick, Salive, & Wallace, 1995; Guralnik et al., 1994) . Timing was stopped when participants moved their feet or when 10 s had elapsed. Those able to maintain the semitandem position for 10 s were further evaluated with the feet in full tandem position. Test-retest reliability and validity have previously been established in a frail institutionalized population (Guralnik et al., 1995; Guralnik et al., 1994) . For single-leg balance, participants were asked to place their hands across their chest, lift their preferred leg, and stand for as long as possible. Participants stood with their lifted foot approximately 5 cm from the medial malleolus of the stance foot without contacting it. Participants who could stand for more than 30 s were asked to stop the test. The best trial (lifting the same leg both trials) was used for data analysis. The test's validity and reliability were established in an elderly population in a previous study (Vellas et al., 1997) .
Gait Speed. Gait speed was determined by recording the time it took a participant to walk the central 8 m of a 12-m course at their usual, self-selected pace and then as fast as comfortably possible. The initial and final 2 m were to allow for acceleration and deceleration. The distance (8 m) was divided by the time to derive the gait speed. The test's validity and reliability have previously been established in a frail institutionalized population (Guralnik et al., 1995; Guralnik et al., 1994) .
Physical Function: Modified Timed Up-and-Go Test. The modified timed up-and-go (MTUG) test is a physical-function assessment tool that measures balance and gait with a dual task: performing a cognitive (counting backward from 15 to 0) and a physical task (stepping into circles) while walking. Lower extremity strength is measured by standing up from a chair and kicking as hard as possible a 19-cm-diameter, 0.2-kg, soft sponge ball with the dominant leg. Quantitative evaluations of performance were provided by (a) the total time needed to perform the test, (b) the time needed to stand up from a chair (42 cm from the seat to the ground) without using the arms and kick the ball, (c) the time elapsed from when the participant kicked the ball to when the ball passed the 8-m line, (d) the time elapsed between when the participant kicked the ball and when he or she walked past the 8-m line, and (e) the time from when the participant crossed the 8-m line to when he or she returned to the chair. A qualitative evaluation was performed with an assessment questionnaire; the maximum points that could be obtained were 18 (could perform each task unaided). The instructions given to perform the test and the items assessed in the questionnaire have been presented elsewhere (Giné-Garriga, Guerra, Marí-Dell'Olmo, Martin, & Unnithan, 2009). Moreover, the validity and reliability have been established in individuals older than 70 years in a previous research study (Giné-Garriga et al., 2010; Giné-Garriga et al., 2009 ).
Lower Body Strength. Maximal isometric quadriceps and hamstrings contraction strength (MVC) were obtained at a 60° knee-joint angle (0° = full knee extension) using an isokinetic dynamometer (Con-Trex MJ, Human Kinetics 1.7.1, Hans E. Rüth SA). Participants were reclined 10° in a rigid chair and firmly strapped at the hip and distal thigh. The rotational axis of the dynamometer was visually aligned to the lateral femoral condyle of the participant, and the lower leg was attached to the dynamometer lever arm, 2 cm above the lateral malleolus. Two quadriceps and hamstrings MVCs for each leg were performed with a 45-s rest period between each. Verbal encouragement was provided throughout. Furthermore, visual feedback of the dynamometer force signal was provided to the participants on a computer screen, because it has been demonstrated that visual feedback improves maximum isometric output in dynamometry testing (Kellis & Baltzopoulos, 1996) . Participants were instructed to contract "as hard and as fast as possible" and maintain maximal voluntary isometric contraction for 5 s. MVC was obtained as the maximal moment of force (Nm) and normalized to body mass (Nm/kg). The highest value was used for data analyses.
Intervention Group (FCT)
The intervention was conducted in an indoor primary-care facility, and all participants reported to the training facility twice a week for 12 weeks. Each session lasted 45 min, and all protocols incorporated the overload training principle (Guyton & Hall, 2007) . The intervention group underwent an FCT program that focused on functional balance and lower body strength-based exercises for 12 weeks.
All training sessions began with a warm-up, walking at usual pace for 10 min, and ended with cool-down, stretching for 5 min. These sessions were always performed under the supervision of the same investigator; an assistant certified in first aid was always present and participants were encouraged to report any negative sign or symptom resulting from the exercises during the classes. During the exercise period, participants were instructed to continue their routine daily activities and not perform any new exercise except for the FCT.
During the FCT, participants performed 1 day of balance-based activities and 1 day of lower body strength-based exercises; both were combined with functionfocused activities. Balance activities were designed to challenge the visual (e.g., eyes open/closed), vestibular (e.g., move head), and somatosensory (e.g., stand on foam) systems. Static balance consisted of two-leg and one-leg balance with toes or heels raised and tandem standing with eyes open or closed on different surfaces. When training dynamic balance, activities such as walking on different surfaces, with varied elevations, and performing a dual task (cognitive and functional task such as catching, throwing, and reaching), incorporating different gait patterns (e.g., narrow walking, longer strides, zigzag walking) and variations in gait speed, were performed. Balance exercises included function-focused activities such as walking with obstacles, while wearing standard sunglasses (worn over corrective lenses as needed) to mimic a semidark environment, walking while carrying a package that obstructed the view of the feet, and walking while picking up objects from the floor. Four sets of exercises of increasing complexity were designed; when an easier step was achieved without assistance, the individual went on to perform the next more complex set of exercises.
Lower body exercises included functional tasks such as rising from a chair, stair climbing, knee bends, floor transfer, lunges, leg squat, leg extension, leg flexion, calf raise, and abdominal curl using ankle weights. An 8-repetition maximum without weight was established at the first training session and repeated at the second training session. Participants were instructed to perform strength training at a perceived exertion intensity of 12-14 (somewhat hard; Borg, 1970) , without holding their breath during exercises to minimize exercise-induced blood-pressure elevations.
Initially the participants performed one or two sets of 6-8 repetitions of each exercise; the number of repetitions was increased when a participant was able to complete eight repetitions at a lower perceived exertion intensity; the maximum number of repetitions was 15. The load was increased 0.5 kg when a participant could perform 15 repetitions at a lower perceived exertion intensity, up to a maximum of 2 kg. This protocol was developed in our laboratory based on an 8-week pilot training study.
Control Group
Participants randomly assigned to the control group were asked to continue their routine daily activities and received their usual care from their primary-care practice whenever it was needed. To control for the fact that the intervention group may have improved their performance simply because of exposure to the researchers and the socialization effect of working in a group (Littbrand et al., 2009) , the control participants met once a week in the training facility (12 times) for social meetings with the researchers. Four health education sessions of 60 min were conducted as part of the 12 visits. The classes included health topics that were relevant to older adults, such as nutrition, medication use, foot care, sleep hygiene, and other health-related areas.
Outcomes
The primary outcome was an improvement in physical-frailty components. This was evaluated by a change in the BI score, the rapid-gait test, and the stand-up test measures from Week 0 to Week 12 and from Week 12 to Week 36. Secondary outcomes were assessed by changes in balance, gait, physical function, and strength measures from Week 0 to Week 12 and from Week 12 to Week 36. Week 12 data were available for all the participants with the exception of 4 in the FCT group, who refused to complete the assessment because of a loss of interest (n = 1) or health problems (n = 3). Six participants in the control group missed the Week 12 assessments because of a loss of interest (n = 4), health problems (n = 1), and relocation to another city (n = 1; see Figure 1 for more detailed information). Week 36 data were available for 18 individuals of the FCT and 7 individuals in the control group. Four individuals in the FCT refused to complete the assessment because of a loss of interest (n = 1), health problems (n = 2), and being involved in another study (n = 1). Twelve individuals in the control group could not be assessed because they were engaged in other activities at the follow-up time (n = 11) or had died (n = 1; see Figure 1 for more detail).
Data Analysis
Sample-size calculations were estimated for significant changes in physical-frailty components. Thirty-eight participants (19 per group) were needed to detect a 20% improvement in the rapid-gait test, at a power of 80% and an α of .05, a standard deviation of 30% of the mean, and a 20% dropout rate. Forty-four participants (22 per group) were needed to detect a 15% improvement in the stand-up test, analyzed with the same criteria as the rapid-gait test. Fifty-one frail older adults were recruited for the study.
Week 0 (baseline) demographic characteristics were compared between the groups by independent t tests, except for a few cases where required conditions were not satisfied and a Mann-Whitney U test was used as a nonparametric alternative. Chi-square tests were used for between-groups comparison of categorical variables at baseline. Because of missing data, all longitudinal analyses for variables that were measured at the three time points (Weeks 0, 12, and 36) were performed using linear mixed modeling (Cnaan, Laird, & Slasor, 1997) . Thus, linear mixed modeling was performed for all continuous variables (physical frailty, balance, gait, physical function, and isometric dynamometry). This mathematical approach can be applied to repeated-measures data from unbalanced designs (i.e., multiple independent variables with unbalanced multiple levels on each factor). This type of analysis can also cope with the mixture of random and fixed-level effects that occur with "real-world" data (Cnaan et al., 1997) . Furthermore, it can cope with missing and "nested" data (hierarchical models).
The primary focus of this analysis was on the significance of the interaction between group (FCT and control group) and time (Weeks 0, 12, and 36). Within the framework of the linear mixed-model analysis, when interactions were significant (p < .05), Bonferroni post hoc tests were used. For all outcome measures, adjusted means and standard errors were calculated and used to compute 95% confidence intervals. These confidence intervals were adjusted for any between-groups differences at baseline to provide a best estimate of the true effect of the intervention.
We included gender as a factor to assess whether it had a systematic effect on all the outcome measures; if there was no effect, gender was not included in the subsequent analyses. All outcome measures were normally distributed, thus satisfying the basic assumption for linear mixed modeling. All investigators involved in the data analysis were blinded to treatment assignment. For the statistical analyses, SPSS version 17.0 software (SPSS, Chicago, IL) was used, and an alpha level of .05 was selected.
Results
Individual Characteristics and Compliance With the Protocol
Fifty-one individuals were randomized: 26 to the FCT and 25 to the control group. Participants in the FCT were required to complete 24 sessions, and their compliance was 90%. There was a dropout rate of 15% at Week 12 (4 participants did not complete the intervention; see Figure 1 for more detail). Moreover, all participants in the FCT were compliant with the exercise prescription except for 1 woman who required rest (sitting on a chair) after each exercise during the first 3 weeks. Participants in the control group were required to complete 12 sessions, and their compliance was 76%. There was a dropout rate of 24% (6 participants) at Week 12. There were no adverse events during the study period. Six months after the end of training (Week 36 follow-up) there was a dropout rate of 18% in the FCT (of the 22 participants that completed the intervention, 4 did not report for the Week 36 testing; see Figure 1 for more detail).
The Week 0 characteristics of the participants are presented in Table 1 . The mean ages (± SD) of participants in the FCT and control groups were 83.9 (± 2.8) and 84.1 (± 3), respectively. As shown in Table 1 , there were no significant differences in Week 0 characteristics of the two groups.
Primary Outcome Measures
No gender effect was evident in all the outcome variables, so the data were pooled. FCT participants had greater improvements than those in the control group in all physical-frailty measures. These improvements were maintained in the Week 36 follow-up, with significant group-by-time comparisons by the end of the study (see Table 2 and Figures 2-4) . The BI score and the rapid-gait-test and stand-up-test measures followed similar patterns and improved significantly (p < .05) in the FCT from baseline to Week 12 measures and from baseline to Week 36 follow-up, with no significant change in the control group. Physical-frailty measures (BI score, the rapid-gait test, and the stand-up test) showed a significant decline after cessation of training, but group-by-time interactions between Week 0 and Week 36 measures remained significant. In contrast, individuals in the control group demonstrated no significant changes or decreased their Week 12 and Week 36 measures with respect to their Week 0 values. The effects of the exercise program on the primary outcome measurements are shown in Table 2 . a Indicates the number of participants considered frail only by the exhaustion criteria at baseline. 
Secondary Outcome Measures
A significant (p < .05) group effect was established for all Week 12 and Week 36 measures; for every dependent variable, FCT performed better than the control group. Apart from one variable, no gender effect was identified so the data were pooled. The left-knee-extension MVC variable showed a significant (p < .05) interaction between gender and group at Week 36, and male participants demonstrated significantly (p < .05) better performance than women. The effects of the exercise program on selected secondary outcome measurements are shown in Table 3 . With respect to balance measures, FCT participants had greater improvements than those in the control group from baseline to Week 12 (end of training) that also were sustained in the Week 36 follow-up testing, with significant group-by-time interactions by the end of the study (see Table 3 ). The semitandem and tandem stances improved significantly (p < .05) in the FCT from baseline to Week 12 and from baseline to Week 36 follow-up. These two variables also showed a nonsignificant decline after cessation of training (p = .696, p = .131, respectively, from Week 12 to Week 36). The single-leg-balance measures showed a significant improvement in the FCT from baseline to Week 12 (p < .001), but there was a reversal of the single-leg-balance gains from baseline to the Week 36 follow-up (p = .953).
Normal-and fast-gait speed measures showed significantly (p < .05) greater improvements in the FCT participants than in the control group, and these improvements were maintained from baseline to the Week 36 follow-up. Fast gait speed showed a nonsignificant decline in speed after cessation of training at Week 12 (p = .064). Physical-function variables assessed with the MTUG showed significant improvements from Week 0 to Week 12 in the FCT compared with the control group (p < .05) except for the ball-time measure. The assessment questionnaire and the total time to perform the test also showed a significant improvement from Week 0 to Week 36 follow-up (p = .009, p = .01, respectively), although both measures showed a significant decline after cessation of training. Stand-up, ball time, the time elapsed between when the participant kicked the ball and walked past the 8-m line, and the time from when the participant crossed the 8-m line and returned to the chair showed a reversal of training effects from baseline to Week 36 follow-up (see Table 3 ).
With respect to the isometric dynamometry testing, maximum voluntary leftknee-extensor strength demonstrated significant (p < .001) increases in the FCT from Week 0 to Week 12 compared with the control group. These gains returned to baseline by the Week 36 follow-up. MVC right-knee-extensor, right-knee-flexor, and left-knee-flexor torque did not show any significant improvement in isometric strength in the FCT at Week 12 or Week 36.
Discussion
The two major findings of this study were that an FCT program that focused on functional balance and lower body strength-based exercises was effective in improving performance in physical measures, which led to a reduction in markers of physical frailty in community-dwelling frail older adults, and these improvements were sustained in selected variables 6 months after the end of the training program.
The stimulus of the FCT induced improvements in all physical-frailty measurements at Week 12. The BI score, the rapid-gait test, and the stand-up test focused on functional tasks used in everyday activities. The importance of incorporating functional exercises when designing an intervention aiming to improve physical function in frail older adults has been documented in previous studies Manini et al., 2007; Skelton & McLaughlin, 1996) . The functional exercises included in our program were specifically designed to mimic everyday tasks; even though some exercises were slightly similar, they were not identical to the outcome measures. Given the principle of specificity of training (Brooks, Fahey, White, & Baldwin, 2000) , improvements in function could be explained by neuromuscular adaptations in neural control of movement, which are likely contributors to functional adaptations. These adaptations could potentially comprise changes in the neural activation of muscles, with modifications occurring in both intra-and intermuscular coordination (Grabiner & Enoka, 1995) . Such adaptations may include decreased antagonist coactivation (Carolan & Cafarelli, 1992) , improved coordination of synergist muscles (Carolan & Cafarelli, 1992) , increased neural drive to agonist muscles resulting in the recruitment of additional motor units (Akima et al., 1999) , and increased motor-unit firing rates (Patten, Kamen, & Rowland, 2001) .
The improvements in physical-frailty measurements were sustained 6 months after the training ended. A possible mechanism for this sustainability is that neural adaptations caused by training seem to be maintained for longer periods of time than strength-related gains (de Vreede et al., 2005) . The motor learning that occurs during training results in a consolidation of the patterns of inter-and intramuscular coordination that are specific to the particular movements performed repetitively throughout training (de Vreede et al., 2005) . The effectiveness with which these adaptations transfer to related movements depends on the similarity between the muscle-activation patterns consolidated through the regular performance of the training exercise and those required during different movement tasks. Skelton et al. (1995) aimed to assess the effects of a 12-week intervention designed to specifically strengthen the muscles considered relevant for the functional tasks but without mimicking functional measurements. Those authors showed greater improvements in muscle strength than in functional abilities. Our Week 36 follow-up measures of physical frailty extend the evidence about the importance of the exercise being task specific if functional ability is to be improved.
The current training program demonstrated significant improvements in balance and gait measures in the FCT compared with the control group at Week 12. Nelson et al. (2004) suggested that improvements in physical performance tend to occur along with those occurring in balance. Data from the current study are in agreement with previous training-program studies that showed improvements in gait speed and balance performance in an elderly population (Fiatarone et al., 1994; Islam et al., 2004) . Semitandem-and tandem-stance values were still above baseline 6 months after the cessation of the training program. The single-leg-stance measure, however, showed a reversal of balance gains by Week 36. The main difference between single-leg stance and the other balance measures assessed in the current study is that the single-leg stance places a greater demand on the quadriceps and hip-flexor and -extensor muscles (Daubney & Culham, 1999) . Consequently, the reversal in the gains made in the single-leg stance could be linked to the inability to maintain selected strength measurements 6 months after the end of training. There is evidence in the literature to suggest that strength gains may be maintained for 5-27 weeks after cessation of training in older adults (Fatouros et al., 2005; Lemmer et al., 2000) . As shown by Fatouros et al., all training-induced gains in strength were abolished 4-8 months after training ceased. Furthermore, normal and fast gait speed also showed significant improvements from baseline to the Week 36 follow-up. This finding is in disagreement with those of Lopopolo, Greco, Sullivan, Craik, and Mangione (2006) , who concluded that exercise influences only slow walking speed in elderly people. Perhaps, because of the specificity-of-training principle, fast gait would be expected to improve when step cadence and frequency of stepping were specifically trained, as occurred in the current study.
Physical function assessed with the MTUG test improved in all variables except for the ball-time measure at Week 12. The MTUG test measures balance and gait with a dual task. With normal aging, structural changes of the brain occur, especially in the prefrontal areas, regions that have been associated with executive function and attentional systems (Charlton et al., 2006) . The improvement in the performance of two attention-demanding tasks could also be explained by neuromuscular adaptations in neural control of movement given the principle of specificity of training (Brooks et al., 2000) as stated earlier in the discussion. The time elapsed between when the participant kicked the ball and when the ball passed the 8-m line did not demonstrate any improvement in Week 12 measures, probably because the training study did not specifically include a kicking task. The total time needed to perform the test and the assessment questionnaire measurements were sustained at the Week 36 follow-up. However, the stand-up, kick-8-m, and the time from when the participant crossed the 8-m line and returned to the chair in the MTUG test showed a reversal of training effects at Week 36 follow-up back to Week 0 measures. The stand-up test in the physical-frailty measures showed a significant improvement at Week 36 follow-up. The main difference between the tests is that the stand-up test assesses quadriceps endurance, and the time needed to stand up from a chair without using the arms and kick the ball of the MTUG assesses mainly quadriceps strength and reaction time. As shown in previous research, long-term sustainability of strength gains is quite difficult to achieve (Fatouros et al., 2005; Lemmer et al., 2000) , and the FCT did not specifically train reaction time.
With respect to the dynamometry testing, left-knee-extensor isometric strength was the only measure that improved at Week 12. In our study population, most of the participants were right-leg dominant (73%), so there was a greater capacity for improvement in the left lower extremities because of the lower starting point (Fiatarone et al., 1994; Hubbard, Fallah, Searle, Mitnitski, & Rockwood, 2009 ). Furthermore, the specificity of the FCT program led to a greater stimulus for increased extensor-muscle strength (e.g., rising from a chair, stair climbing, leg extension). Strength gains of the left knee extensor were not sustained at Week 36 follow-up. As stated previously, decrements in strength occur quite rapidly after the cessation of training (Fatouros et al., 2005; Lemmer et al., 2000) . Moreover, the FCT aimed to improve function rather than isometric strength, so it is plausible that impairments limiting muscle strength did not change because the exercises were of insufficient intensity to produce gains in this domain. The nonsignificant improvement of strength over time may also reflect age-related changes in this population. If muscle strength were to be improved, the training program design would need to be different (Skelton et al., 1995) .
There are some limitations to this efficacy trial. The FCT program aimed to offset the major physical parameters of frailty (e.g., wasting, loss of endurance, decreased balance and mobility, slowed performance, and relative inactivity). Hence, we did not assess physical activity levels and unintentional weight loss as screening criteria, as suggested by Fried et al. (2001) . Measuring physical activity levels accurately normally involves the overlap of three techniques. These are observational, perceptual (self-report), and some form of objective measurement such as accelerometry or doubly labeled water (Vanhees et al., 2005) . This was beyond the scope of the current study. One of the three test administrators was aware of the composition of the groups. However, standardized guidance and motivation were provided for all participants during all tests. When participating in supervised exercise programs, people often do not continue the activity after the formal program ends. Despite these limitations, the postintervention data demonstrated that most improvements remained significant at the 6-month follow-up. These findings are encouraging with regard to the sustainability of a short-duration FCT program.
FCT was tolerated well by participants; is a short, low-tech, and low-cost form of exercise; and is therefore potentially suitable for clinical settings and primarycare centers. In summary, our findings indicate that a 12-week FCT program that focused on functional balance-and lower body strength-based exercises conducted in a primary-care setting is a safe, effective, and sustainable intervention in older physically frail community-dwelling adults. The program led to fewer functional limitations and reduced physical impairments, leading to a reduction in physicalfrailty parameters that were maintained 6 months after the cessation of training. This type of intervention may help prevent or postpone frailty that is severe enough to cause loss of independence.
